Glandular Epithelium 

•a gland may consist of one cell or a group of cells highly specialized to secrete 
substances into ducts, onto surfaces, or into the blood. 

•Glands are classified as exocrine or endocrine 

Unicellular Exocrine Glands 
Goblet Cell 

•simplest fonn of exocrine gland; isolated secretory cell in an epithelium 
•goblet cells are found in the epithelial lining of the intestine and portions of the 
respiratory tract 

•goblet cells are goblet-shaped, thin at the basal side and expanded on the apical portion 
•apical portion of goblet cell is filled with large mucous producing secretory granules 


Exocrine Glands 
Two Types 
•Unicellular- 

-are single celled glands interspersed within various columnar epithelia 
•ex. Goblet cell 

-ductless glands that expel their contents directly onto the surface of the tissue 
•Multicellular- 

-composed of numerous secretory cells in addition to cells that fonn the walls of the 
ducts 

-divided into simple or compound 

•simple- ducts do not branch or have only a few branches 

•compound- ducts have multiple branches 

-classified according to the shape of the secretory portion 

•tubular- resembles a ductule 

•acinar- resembles a flask 

•tuboacinar- has both ductule and flask shaped secretory portions 


To classify multicellular exocrine glands look at 
• 1. the structure of their duct systems : 

—if the gland has a single non ramified duct connecting its secretory part to the surface, it 
will be called simple 

—if the gland has a ramified duct system it will be called compound. 


•Single unbranched ducts: in green; 
•Secretory parts of glands: in red; 
•Lining epithelium: in blue. 


2. the structure of their secretory parts: 



•if the secretory parts form little tubes, the gland will be called tubular. 

•Tubes can be coiled and in this case glands will be called coiled tubular. 

•if the secretory parts fonn little bags, it will be called alveolar or ascinar 

•Both shapes (tubes and bags) can be present in a compound exocrine glands. In such a 

case the gland will be called tubulo-alveolar. 

•Most of the time each bag (or tube) is connected to its own private duct. However, some 
simple exocrine glands have several bags (or tubes) sharing the same duct: they are 
called branched. 


Exocrine Glands 

•multicellular exocrine glands can also be classed according to the means by which they 
discharge the secretory product 

—merocrine- products secreted by exocytosis through the cell membrane 
(salivary,pancreatic and certain sweat glands) 

—apocrine- a portion of the cell is pinched off and discharged with the secretions 
(mammary and certain sweat glands) 

—holocrine- the entire cell is discharged along with the secretory product (sebaceous 
glands of the skin) 

Endocrine Glands 

•merocrine type glands that secrete their contents into the extracellular fluid where they 
diffuse into the blood 

•are always hormones- chemical products that regulate various physiological activities 
—pituitary, thyroid, adrenals....etc. 

Connective Tissue 

Most abundant tissue in the body 

•binds, supports, and strengthens body tissues 

General Features 

•consist of there basic elements 

-ground substance, cells, and fibers 

•usually does not occur on free surfaces (coverings or linings) 

•has a nerve supply (except for cartilage) 

•is highly vascular (except for cartilage which is avascular and tendons which has a 
scanty blood supply 

•the matrix (intercellular material) that is secreted by the c.t. and adjacent cells may be 
fluid, gelatinous, fibrous, or calcified. It is the matrix that determines the c.t. qualities. 

Connective Cells 
•Fibroblast- 

-the most numerous of the cells 
-secretes ground substance and fibers 
•Macrophages- 

-part of the body’s defense system via phagocytosis 
•Plasma cells- 



-part of the body’s defense system via the secretion of antibodies 
•Mast cells- 

-active in inflammation 
-located around blood vessels 

-secretes haparin (antigoagulant) and hisatmine (vasodilator), and other cytokines 

Mast Cell, Tissue Sentry 
Macrophage 

Plasma Cells and Mast Cells 
Fibroblast Cell 

Macrophage and Plasma Cells 
Plasma Cells 
Mast Cells 

Mast Cells and Elastic Fibers 

Connective Tissue Matrix (non-living material that separates and binds cells together) 
•Produced by the connective tissue cells 

•Consist of protein fibers embedded in a fluid, gel, or solid called ground substance 
•Provides a medium through which substances can be exchanged between blood and 
cells. 

Contains two important chemicals contained in ground substance 

•Hyaluronic acid- a viscous, slippery substance that binds cells together, lubricates 

joints, aids in phagocyte migration, and maintains the shape of the eyeball. 

•Chondroitin sulfate-jellylike substance that provides support and adhesiveness in 
cartilage, bone, the skin, and blood vessels. 

Three Kinds of Fibers are embedded in the matrix 

•Collagen fibers- tough, strong, flexible fibers composed of the protein collagen. 

-usually found in bundles giving great strength. 

-most abundant protein in the body (25% of all total body protein) 

-found most abundant in bones, cartilage, tendon, and ligaments 

•Elastic fibers- freely branching fibers consisting of the protein called elastin. 

-provides strength and stretch 
-plentiful in skin, blood vessels, and lungs 

•Reticular fibers- a thin reinforcing type fiber consisting of collagen and a coating of 
glycoprotein. 

-fibers join to fonn a branching network or lattice (reticulum) 

-provide support in the walls of blood vessels and a supportive network around nerve 
fibers and muscle 

Connective Tissue Classified into two broad categories 
•Embryonic C.T.- c. t. that is primarily in the embryo or fetus. 

•Mature C.T.- exist in the newborn and is derived from the embryonic c.t. 

Embryonic Connective Tissue 

•Mesenchyme- found almost exclusively in the embryo and is the tissue from which all 
other tissue is derived (undifferentiated c.t.) 

-composed of irregular shaped cells in a jellylike matrix with delicate reticular fibers 
•Mucous-jellylike embryonic c.t. found primarily in the umbilical cord of the fetus where 
supports the wall of the cord. 



Mature Connective Tissue 
Subdivived into 

•Loose 

•Dense 

CONNECTIVE TISSUE PROPER 
Loose areolar tissue 

—The fibroblasts are embedded in the matrix: they do not lie in lacunae (chambers 
within the matrix). 

—The fibers are loosely woven and thus the ground substance is highly visible. 

—The three types of fibers (collagen, elastic and reticular) are present in roughly the 
same amount. 

—Many accessory cells (macrophages, mast cells, plasma caells) can be found in these 
tissues. 

—It is the most widely distributed connective tissue in the body. 

CONNECTIVE TISSUE PROPER 
Loose areolar tissue 

-Connective tissue proper loose areolar is a soft pliable tissue that serves as a general 
packaging material. 

• It packages organs, 

•wraps small blood vessels and nerves (fascia), 

•surrounds glands, 

•forms the superficial part of the dermis as well as the hypodennis which attaches the 
skin to underlying structures. 

•It is present in all mucous membranes as the lamina propria. 

-areolar tissue and adipose tissue combined form the subcutaneous tissue that attaches 
the skin to underlying structures 

-abundant elastic and collagen fibers in a ground substance containing mostly hyaluronic 
acid. 

Areolar C.T. 

Areolar C.T. 


Loose Connective Tissue (cont.) 

Adipose Tissue 

•Most abundant cell is the adipocyte (fat cell) 

—derived from the fibroblast 

—stores fat (triglycerides) for energy reserve 

•fat droplets in the cell pushes the nucleus to the side 

—good insulator against heat loss or cold because is a poor conductor of heat 



—supports and protects various organs 

CONNECTIVE TISSUE PROPER LOOSE 
adipose 

-This tissue is basically an aerolar connective tissue invaded by fat cells (adipocytes). 
-Seen through the light microscope, the adipocytes look like big white blobs: 

-an oil droplet occupies most of the cell volume, pushing the cell's nucleus to the 
periphery. 

-The adipocytes are packed closely together and account for about 90% of the tissue 
mass. 

-Adipose tissue provides reserve fuel for cells in the body. 

• Since fat is a poor heat conductor it insulates the body against heat loss. 

• It also supports and protects organs by acting as shock absorber. 

-Adipose tissue may develop almost anywhere areolar tissue is plentiful, but it usually 
accumulates in subcutaneous tissue, around kidneys and eyeballs, in bones, in breasts and 
within the abdomen. 

-Adipose tissue is richly vascularized, indicating its high metabolic activity. 


CONNECTIVE TISSUE PROPER LOOSE reticular: 

•The fibroblasts are embedded in the matrix: they do not lie in lacunae (chambers within 
the matrix). 

•The ground substance is highly visible. It is loosely packed with fibers mostly reticular, 
which form a fine network supporting accessory cells. 

•Reticular tissue forms the delicate framework (or stroma) that supports blood cells in 
lymph nodes, the spleen and bone marrow. 

Reticular Fibers 

CONNECTIVE TISSUE PROPER DENSE: 

•The fibroblasts are embedded in the matrix: they do not lie in lacunae (chambers within 
the matrix). 

•The fibers are densely packed and thus the ground substance is barely visible. Fibers 
are the predominant element of this connective tissue and, for this reason, dense 
connective tissue proper is often referred to as fibrous connective tissue. 

•In contrast with loose connective tissue proper, most of the cells found here are 
fibroblasts: there are virtually no accessory cells. 

•Connective tissue proper dense can be subdivided into three types 

-regular 

-irregular 

-elastic 

•Connective tissues proper dense are found in organs that have to withstand great 
tensile stress (stretch). 


CONNECTIVE TISSUE PROPER DENSE regular: 



•The fibroblasts are embedded in the matrix: they do not lie in lacunae (chambers within 
the matrix). 

•The fibers are densely packed and thus the ground substance is barely visible. 

•The fibers are primary collagenous fibers and are arranged parallel to each other (a 
few elastic fibers are also present in the matrix). This results in a white flexible tissue 
with great resistance to forces pulling in one direction. 

•The collagen fibers are slightly wavy: this allows the tissue to stretch a little until the 
fibers are straightened out but not more. 

•It is found in areas where tension is always exerted in a single direction, such as: 

- tendons (cords attaching muscles to bones), 

- aponeuroses (flat sheets attaching muscles to bones or to other muscles) 

- ligaments (attaching bones together at joints). 

•Ligaments contain more elastic fibers than do tendons and thus are slightly more 
stretchy. 


Dense Regular C.T. 

Tendon, Dense Regular 

CONNECTIVE TISSUE PROPER DENSE Irregular: 

•The fibroblasts are embedded in the matrix: they do not lie in lacunae (chambers within 
the matrix). 

•The fibers are densely packed and thus the ground substance is barely visible. 

•The fibers are primary collagenous fibers and are interwoven without a regular 
orientation (a few elastic fibers are also present in the matrix). This results in a white 
flexible tissue with great resistance to forces pulling in several directions. 

•The collagen fibers are slightly wavy: this allows the tissue to stretch a little until the 
fibers are straightened out but not more. 

•It usually forms sheets in area where tension is exerted in many directions such as: 

-the skin (in the deeper layer of the dermis), 

- the wall of the digestive tract (it forms the submucosa), 

-heart valves, 

- fibrous pericardium, 

-perichondrium (membrane around the surface of cartilage), 

- periosteum (membrane around the surface of the bone), 

- fibrous capsules of organs and of joints. 

Dense Irregular C.T. 

CONNECTIVE TISSUE PROPER DENSE 
Elastic 

•The fibroblasts are embedded in the matrix: they do not lie in lacunae (chambers within 
the matrix). 

•The fibers are densely packed and thus the ground substance is barely visible. 

•The fibers are primary elastic fibers and they give the tissue a yellowish color. 



• Dense elastic connective tissue combines strength with elasticity: it can be stretched 
very easily and then recoils to its original length as soon as the tension is released. 

• It confers elastic properties which enable recovery of tissue shape following normal 
physiological deformation or stretching. 

•It is found in the 

- vocal cords, 

- in some ligaments (such as the ligamenta flava that connect adjacent vertebrae and the 
suspensory ligament of penis), 

in the walls of elastic arteries, 

in parts of the trachea and bronchi, and in the lung tissue. 


Cartilage 

Consist of a dense network of collagen and elastic fibers embedded in a firm matrix of 
chondroitin sulfate (a jellylike substance that provides support and adhesiveness in 
cartilage, bone, skin, and blood vessels). 

•stronger than the other c.t. due to its collagen fibers. 

•high resilience (ability to assume its original shape after defonnation) is due to 
chondroitin sulfate. 

•the inner substance of the cartilage has no blood supply or nerves. 

-the perichondrium (the dense irregulare c.t. membrane around the surface of the 
cartilage) has a blood supply and nerves. 

•cells of mature cartilage are called chondrocytes 

-occur singly or in groups within spaces called lacunae within the matrix 

Three Kinds of Cartilage 

•Hyaline 

•Fibrocartilage 

•Elastic 

Hyaline Cartilage (gristle) 

•appears as bluish-white and shiny 
•is the weakest of the three types 
•is the most abundant 

• it gives flexibility, support, reduces friction, and absorbs shock at joints 


Hyaline Cartilage 
Fibrocartilage 

•is the strongest of the three types and provides strength and rigidity 
•chondrocytes are scattered among bundles of collagen fibers within the matrix. 

Fibrocartilage 

Elastic Cartilage 



Elastic Cartilage 

•provides strength and maintains strength of certain organs 

•chondrocytes are located in a threadlike network of elastic fibers within the matrix, 
(epiglottis, external ear, eustachian tube) 

Bone (Osseous) Tissue 
MARFAN SYNDROME 

•A heritable disorder of fibrous connective tissue. 

-Since the syndrome is inherited in an autosomal dominant fashion with a high degree of 
penetrance, other family members are frequently found to be affected. 

•The cardinal features occur in 3 

-Systems skeletal 

-ocular 

-cardiovascular 
MARFAN SYNDROME 

•publicized in sport magazines because of the sudden, untimely deaths of Olympic 
volleyball player Flo Hyman and collegiate basketball player Chris Patton who had this 
condition. 

•More than 50,000 people in the United States have the Marfan syndrome. 

MARFAN SYNDROME 

•The number and severity of symptoms vary from person to person. 

•The lenses that enable the eyes to focus on objects can be intact or dislocated (off 
center). 

—is the most common ocular abnonnality which is bilateral, symetrical, and upward is 
present in 80% of cases. 

The heart can produce no symptoms until middle age, or its aorta (large artery carrying 
blood out of the heart) can develop a life-threatening aneurysm (i.e., the thin wall of the 
aorta balloons out under pressure) during adolescence. 

-Mitral valve prolapse, 

-mitral regurgitation, 

-aortic regurgitation are cardiovascular features. 

•The major life-threatening cardiovascular complications— 

-aneurysm of the aorta and aortic dissection— 

BLOOD 

•It is considered a connective tissue, because it consists of blood cells surrounded by a 
nonliving fluid matrix called blood plasma. 

• It is the most atypical connective tissue: the fibers of blood are soluble protein 
molecules that become visible during blood clotting. 

•It is found in blood vessels. 

Blood has three functions: 

•Transportation 

-Blood delivers oxygen from the lungs and nutrient from the digestive tract to all body 
cells; 



-it transports carbon dioxide to the lungs and nitrogenous waste to the kidney for removal 
from the body; 

-it transports honnones from their endocrine glands to their target organs. 

•Regulation 

-Blood helps regulate body temperature and pH in body tissues. 

•Protection 

-Platelets and plasma proteins prevent blood loss by forming clots when blood vessels are 
damaged. 

-Antibodies, complement proteins and white blood cells fight infection. 

Blood (Vascular) Tissue 

•connective with a liquid matrix called plasma 

•suspended in the plasma are formed elements (red blood cells, white cells, platelets) 

BONE: 

•Bone is one of the hardest tissues in the body. 

•The hardness of the bone, its ability to resist compression, is due to the inorganic 
calcium phosphate (calcium hydroxyapatite) deposited within the matrix. 

• Numerous collagen fibers embedded within the matrix give the bone its ability to resist 
twisting and stretching. 

•The mature bone cells are called osteocytes. They are connected together by very fine 
tentacle-like cytoplasmic processes. 

• Osteocytes lie within chambers in the matrix called lacunae. 

•Radiating in all direction from the lacunae are minute canals called canaliculi. They 
connect the lacunae with each other. 

-Canaliculi are filled with extracellular fluid and contain the slender cytoplasmic 
processes of the osteocytes. 

•There are two types of bone tissue: 

-compact bone 
-spongy bone 

COMPACT BONE 

•Compact (dense) bone tissue consists of precise arrangements of microscopic cylindrical 
structures called osteons. The matrix and osteocytes of osteon are laid down in concentric 
rings around a central (Haversian) canal. 

•Compact bone tissue forms the external layer of all bones and the bulk of the diaphyses 
(shaft) of the long bones. 

•It provides protection and support and helps the long bones resist the stress of weight 
placed on them. 

SPONGY BONE 

•In contrast to compact bone tissue, spongy (cancellous) bone consists of an irregular 
latticework of thin blades of bone called trabeculae. 

•The space between the trabeculae are filled with red marrow which produces blood 
cells. 



•Spongy bone makes up most of the bone tissue of short, flat and irregularly shaped 
bones and most of the heads (epiphyses) of long bones. 


Membranes 

Epithelial Membranes- combination of an epithelial layer and an underlying connective 
tissue layer 

•Three types 
—mucous 
—serous 
—cutaneous 

Synovial Membrane- does not contain epithelial layer 

Epithelial Membrane 
Mucous Membrane 

•lines body cavities that open directly to the exterior (gastrointestinal, respiratory, 
excretory, and reproductive tracts). 

•epithelial layer secretes enzymes and mucous that prevents tissue surface from drying, 
traps foreign particles, lubricates, and allows for absorbtion. 

•connective tissue layer binds epithelium to the underlying tissue. 

-provides the epithelium with blood supply for oxygen, nutrients, and waste removal. 

Epithelial Membrane 
Serous Membrane 

•lines and covers body cavities and organs that does not open directly to the exterior. 
Serous membranes consist of two parts; 

-parietal membrane- attached to the cavity 
-visceral membrane- covers the organ 

Epithelial Membrane 

•mesothelium- the epithelial layer of the serous membrane that secretes a lubricating 

serous fluid that allows the organs to glide against one another 

•the c.t. layer is a thin layer of areolar tissue 

•Pleura- serous membrane that covers the thoracic cavity and lungs 

•Pericardium- lines the heart cavity and covers the heart 

•Peritoneum- lines the abdominal cavity and covers the abdominal and some pelvic 

organs 

Pleura 

Pericardium 

Peritoneum 

Epithelial Membrane 

Cutaneous Membrane- constitutes the integumentary system 

Synovial Membrane- lines the cavities of some joints 

composed of areolar c.t. with elastic fibers and varying amounts of fat 

-secretes synovial fluid which lubricates the ends of bones and nourishes the articular 

cartilage covering bones 



Skeletal Muscles: 

•Skeletal muscle cells are very long (up to 30 cm), cylindrical, striated and 
multinucleated. The striations reflect the regular pattern of distribution of the 
myofilaments (contractile proteins) inside the cells. The nuclei are located on the 
periphery of the cells. Skeletal muscle cells are arranged in parallel, in bundles tied 
together by connective tissue and anchored at both ends by tendons to bones or other 
supporting tissues. 

•Skeletal muscles attach to and cover the bony skeleton. Some skeletal muscles (facial 
muscles) attach to the skin. 

•Skeletal muscles cause gross body movements and facial expressions. By a succession of 
endless tiny contractions they maintain body posture in spite of the pull of gravity. 
Because they generate heat when they contract, they have an important role in 
maintaining a constant body temperature. 


Cardiac Muscles: 

•Cardiac muscle cells are shorter than the skeletal muscle cells. 

Cardiac muscle cells are elongated, branched and striated. The striations reflect the 
regular pattern of distribution of the myofilaments (contractile proteins) inside the cells. 
Cardiac muscle cells have one nucleus, sometimes two at the centre of the cell. Cardiac 
cells fit together tightly at dark-staining junctions called intercalated discs. Intercalated 
discs are found only in cardiac muscle tissue and contain anchoring desmosomes and gap 
junctions. 

•Cardiac muscle cells are found in the heart only. 

•By contracting, cardiac muscle squeezes the blood out of the heart and propels it into the 
blood vessels 


Smooth Muscles: 

•Smooth muscle cells are spindle-shaped, have one nucleus and are not striated. The 
nucleus is central in position and oval in shape. 

•Smooth muscles are found in the walls of hollow organs (digestive and urinary tract 
organs, blood vessels, uterus, etc...). 

•Smooth muscles act generally to propel (squeeze) substances through these organs by 
alternating contraction and relaxation. 


Muscle Tissue 

Nervous Tissue 

Consist of two types of cells 

•Neurons (nerve cells)- highly specialized cells capable of picking up and transmitting 
electric stimuli to the various organs 

•Neuroglia- protect and support neurons 



